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ABSTRACT 
 
The aim of this study was to evaluate the performance of enzymatic hydrolysis of acid or alkali pretreated sugarcane 
bagasse for the production of fermentable sugars. The first step consisted of selection of commercial enzymes 
presenting the highest cellulolytic activities. After selection of four enzymes: HPL, CL, P1 and P4, their 
performances were tested in the bagasse pretreated with acid and alkali. The sugar content of the hydrolysates was 
analyzed by anion exchange liquid chromatography. Data showed that the joint action of 0.5% acid pretreatment, 
121ºC, 30 minutes and enzyme CL provides the best results, 67.25 g of hexose and 148.13g of pentose per kg of dry 
bagasse. 
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INTRODUCTION 
 
Sugarcane is considered one of the main cultures 
produced in Brazil; due to its by-products, 
sugarcane has aroused a worldwide interest. As the 
sugarcane ethanol is a renewable source, it causes 
smaller environmental impact and it costs less than 
other present technologies for ethanol production 
(Goldemberg, 2007). One of the most abundant 
residues from sugarcane processing is bagasse. 
Pandey and Soccol (1998) reported numerous 
advantages of this residue in comparison to other 
crop residues for usage in bioconversion processes 
using microbial cultures.  
The development of ethanol production 
technology from sugarcane bagasse is a focus of 
interest for several countries like Brazil, United 
States, Canada and others. Through the 
development of this technology it will be possible 
to increase ethanol production by 30%, without 
expanding the sugarcane planted area (Oliveira 
and Vasconcelos, 2006). 
Lignocellulose materials are composed of lignin 
(macromolecule formed by phenylpropan units 
joined irregularly), hemicellulose (formed by 
branched chains of sugars) and cellulose (linear 
polymer composed of up to 15000 units of D-
glucose) (Banerjee and Pandey, 2002; Bon et al., 
2008). 
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Cellulose biodegradation process results from the 
action of cellulases. Cellulases of Trichoderma 
reesei have been widely studied. This enzyme 
complex is composed of β-glucosidase 
(cellobiase); 1,4-β glucan cellobiohydrolase 
(cellobiohydrolase) and 1,4-β-glucan 
glucanohydrolase (endoglucanase). 
Endoglucanases randomly hydrolyses the internal 
regions of the cellulose molecule resulting in 
reducing and non-reducing terminals, which are 
hydrolyzed by exoglucanases. Cellobiose, formed 
by the action of exoglucanases, is hydrolysed by β-
glucosidase, resulting in glucose. The complete 
cellulose hydrolysis efficiency depends on the 
right proportion among endoglucanase, 
exoglucanase and β-glucosidase (Lehninger, 1991; 
Smith, 1983; Bon et al., 2008). Experiments using 
an enzymatic consortium of fungi and bacteria in a 
composite microbial system demonstrated a 
greater production of cellulases compared with the 
performance of a single microorganism under the 
same growth conditions (Zhang et al., 2009).  
Biomass can be converted to liquid fuels through 
thermo-chemical, as biochemical or both processes 
(Gray et al., 2006). The function of the 
pretreatment is to raise the size of biomass pores 
and reduce the crystallinity of cellulose, thus 
contributing to the exposure of cellulose fibers and 
facilitating the access of enzymes. While acid 
treatment hydrolyses the hemicellulose fractions, 
alkali treatment removes only part of lignin 
fractions (Hahn-Hägerdal et al., 2006). 
Fermentation inhibitors are formed during the 
biomass pretreatment process when combinations 
of high acid concentration and temperature are 
used. Martín et al. (2007) related following 
fermentation inhibitors: acetic acid, formic and 
levulinic acids, fenolic compounds, furfural and 
hydroxymethylfurfural. 
The aim of this study was to evaluate the action of 
commercial cellulolytic enzymes upon sugarcane 
bagasse, pretreated with alkali or acid, for the 
production of fermentable sugars. 
 
 
METHODOLOGY 
  
Commercial enzymes selection 
Six commercial cellulolytic enzymes were used in 
experiments: HPL (pH 4.5-6.0; temperature 50-
60ºC), CL (pH 4.0-5.0; temperature 60-65ºC), P1 
(pH 4.5-5.5; temperature 40-60ºC), P4 (pH 4.5-
5.5; temperature 40-60ºC), E9 (pH 6.0-7.5; 
temperature 55-65ºC) and E10 (pH 6.0-7.5; 
temperature 55-65ºC). All of them were obtained 
from strains of Trichoderma reesei and supplied 
by AB Enzymes Company. Among these, four 
were selected for presenting the highest 
cellulolytic activities. Sugarcane bagasse 
experiments were carried out with total 
cellulolytic activities, endo-β-1,4-glucanase 
activities and specific activities of HPL 92.5 FPU 
mL-1, 308.3 UI mL-1, 660.71 FPU mg-1; CL 52.24 
FPU mL-1, 123.3 UI mL-1, 290.22 FPU mg-1; P1 
185 FPU mL-1, 308.3 UI mL-1, 1088.24 FPU mg-1 
and P4 444 FPU mL-1, 925 UI mL-1, 2336.84 FPU 
mg-1, respectively (Ghose, 1987; Adney and 
Baker, 1996; Pietrobon, 2008; Bradford, 1976).  
 
Bagasse pretreatment 
Sugarcane bagasse was supplied by Usina Cosan 
(Costa Pinto) during harvest of 2006/2007. It was 
dried outdoors and stored in a plastic bag. 
Fractions between 5.6 mm and 1.19 mm were 
separated by bolter. Proportions of 1:5 (w/v) were 
used in the experiment. Three grams of dry 
bagasse were weighed in Erlenmeyer flasks and 
acid or alkali solution was added [0.5% sulphuric 
acid (v/v) for acid pretreatment or 3% calcium 
hydroxide (w/v) for alkali pretreatment]. The 
samples were gentle mixed and submitted to 
121ºC, 30 minutes. After this, bagasse pretreated 
with alkali was washed with distilled water and the 
pH was adjusted to 4.5 with 0.5M sulphuric acid 
(v/v); for bagasse pretreated with acid, the pH was 
adjusted to 4.5 with 2% sodium hydroxide (w/v).  
 
Enzymatic saccharification 
Enzymatic hydrolysis experiment was performed 
by adding 75 mL of citrate buffer, 1.125 mL of 
antibiotic Actidione and 37.5 mL of diluted 
enzymes. Concentrations of the enzymes were 
determined according to filter paper experiment in 
order to release the equal amounts of total sugars 
(Adney and Baker, 1996). Concentrations were 
HPL 0.0048 g L-1; CL 0.0085 g L-1;  
P1 0.0024 g L-1 and P4 0.001 g L-1. The flasks 
were incubated in shakers at 40ºC for 65 hours. 
After that the samples were vacuum filtered and 
boiled for enzyme inactivation for 30 minutes. The 
samples were filtered using 0.22 µm pore 
membrane before total sugars quantification and 
identification by high performance anion exchange 
liquid chromatography with amperometric pulsed 
detection. These analyses were made in triplicates, 
using an anion exchange column Dionex model 
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PA-1 and carbonate-free 20 mM sodium 
hydroxide solution as eluent. The results were 
analyzed by Statistical Analysis System (SAS) 
program.  
 
 
RESULTS AND DISCUSSION 
 
Analyses of samples revealed predominance of 
pentoses (xylose and arabinose) and hexoses 
(glucose and galactose) in both the treatments 
with acid or alkali plus enzymatic hydrolysis. 
Acid pretreatment of the bagasse released several 
types of sugars, predominantly xylose (3.507 mg 
mL-1), arabinose (0.330 mg mL-1), glucose (0.270 
mg mL-1) and galactose (0.083 mg mL-1). Results 
of alkali pretreatment showed the presence of 
glucose (0.013 mg mL-1) and xylose (0.010 mg 
mL-1), but no arabinose and galactose were 
observed (Figure 1).  
The production of xylose was higher with acid 
pretreatment plus enzymatic saccharification. 
According to literature, acid treatment promotes 
the breakdown of hemicellulose fiber, generating 
other types of sugars, such as xylose and 
arabinose (Hahn-Hägerdal et al., 2006). 
Concentrations of arabinose and glucose were 
practically the same in both the treatments (acid 
or alkali pretreatment plus enzymatic hydrolysis). 
Glucose production was 7 to 5 times higher than 
arabinose formation. Galactose was observed only 
in acid pretreatment plus enzymatic hydrolysis 
(Figure 1).  
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Figure 1 - Xylose, arabinose, glucose and galactose (mg/mL) amount in different bagasse 
treatments (acid or alkali and enzymes). 
 
 
 
The amount of sugars released after the acid 
pretreatment plus enzymatic hydrolysis ranged 
from 5.734 to 6.527 mg mL-1, while the treatment 
with alkali followed by enzymatic hydrolysis 
released from 2.103 to 4.363 mg mL-1 of 
monosaccharides. The joint action analyses of 
acid pretreatment plus enzymatic hydrolysis 
showed values 1.5 to 2.7 times higher than 
treatment with enzymes plus alkali pretreatment 
(Table 1).  
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Table 1 - Hexoses (C6), pentoses (C5) and total sugars and concentrations standard deviations, produced by four 
different enzymes after acid or alkali pretreatments. 
Samples Sugars C6 mg mL-1 Sugars C5 mg mL-1 Total sugars mg mL-1 
Control (acid) 0.353 ±0.03 3.837 ±0.10 4.190 ±0.12 
HPL (acid) 1.713 ±0.17 4.400 ±0.13 6.113 ±0.25 
CL (acid) 1.793 ±0.14 3.950 ±0.04 5.743 ±0.16 
P1 (acid) 1.903 ±0.09 4.623 ±0.22 6.527 ±0.27 
P4 (acid) 1.837 ±0.21 4.357 ±0.38 6.193 ±0.59 
 
Control (alkali) 0.013 ±0.02 0.010 ±0.02 0.023 ±0.04 
HPL (alkali) 1.210 ±0.34 1.293 ±0.02 2.503 ±0.36 
CL (alkali) 1.667 ±0.10 0.437 ±0.05 2.103 ±0.12 
P1 (alkali) 1.850 ±0.24 2.280 ±0.17 4.130 ±0.40 
P4 (alkali) 1.953 ±0.14 2.410 ±0.16 4.363 ±0.30 
 
 
Statistical analyses of total sugars production data 
showed that the pretreatments differed at the level 
of 5%, detaching acid pretreatment. Statistical 
analysis, regarding the performance of the 
enzymes on the pretreated bagasse, demonstrated 
no statistical difference at the level of 5%, among 
the enzymes P1 and P4 and between HPL and CL. 
However, there were statistical differences among 
the two groups of enzymes. These results were 
different than expected, because enzyme 
concentrations were adjusted at filter paper 
experiment to release the same amounts of total 
sugars. However, the substrate used did not 
present high levels of purity as the filter paper 
used to determine cellulolytic total activities.  
In terms of total cellulolytic activity, enzyme CL 
(52.24 FPU mL-1) showed highest efficiency, 
when compared with HPL (92.5 FPU mL-1), P1 
(185 FPU mL-1) and P4 (444 FPU mL-1) with acid 
pretreatment plus enzymatic hydrolysis, because it 
required less activity to release identical values of 
total sugars approximately (Table 1). 
Acid pretreatment contributed to a major pentose 
(C5) formation, resulting from degradation of the 
hemicellulose fraction. Hexose (C6) 
concentrations presented approximately the same 
values for both the pretreatments (acid or alkali) 
(Table 1). 
Acid pretreatment plus enzymes resulted 64 to 71 
g of hexose and 148 to 173 g of pentose per kg of 
dry bagasse. Alkali pretreatment plus enzymes 
showed values between 45 and 73 g of hexose 
and between 16 and 90 g of pentose sugars 
(Figure 2). However it was expected to be around 
40 to 50 g of glucose per kg of bagasse (Amorim, 
2005). 
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Figure 2 – Pentose and hexose (g kg-1) amount in different bagasse treatments (acid or alkali and enzymes). 
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CONCLUSION 
 
The enzyme CL showed highest efficiency when 
compared with the three other tested enzymes in 
transformation of cellulose and hemicellulose to 
monosaccharides, producing 215.38 g of sugars 
per kg of dry bagasse. The treatment with 
sulphuric acid (0.5%), at 121ºC, 30 minutes plus 
enzymes was considered the best treatment 
producing 64 to 71 g of hexose and 148 to 173 g 
of pentose per kg of dry bagasse. Liquid 
chromatography quantifications showed 
predominance of pentoses (arabinose and xylose) 
in all the treatments; however, proportions of 
pentoses were higher for acid pretreatment plus 
enzyme CL hydrolysis (9 times higher than the 
others). Also, for the same treatment, the 
production of pentoses was two times higher than 
production of hexoses.     
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